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ABSTRACT 
 
 
 
 
Behavior-based control employs a set of distributed, interacting modules, 
called behaviors that collectively achieve the desired system-level behavior. One 
typical issue in behavior-based control systems is the formulation of effective 
mechanisms for coordination of the behaviors’ activities in assuring that the mobile 
robot act in the correct action in accordance to its surroundings environment. This is 
what is known as action selection Action Selection Problem (ASP). An Action 
Selection Mechanism (ASM) is basically a mechanism with the main intention of 
solving the concerns raised in the ASP. There are basically 2 types of ASM mainly 
Arbitration and Command Fusion. The difference between Arbitration and 
Command Fusion are Arbitrary ASM allow one or one set of behaviors to take 
control at any one time.Command Fusion ASMs allow multiple behaviors to 
contribute to final control of the mobile robot.Voting technique is one of the 
strategies under the competitive methods used for behavior coordination in mobile 
robotics. Each behavior developed for a particular mobile robot shall generate a vote 
for a set of possible robot actions. A typical vote value of zero would normally mean 
the least desired action and a vote value of one shall mean that the particular action is 
most desired. These behaviors send votes as a possibility for each action set to 
achieve the objectives of the behaviors. An arbiter then performs command fusion 
and selects the most favoured action that is with the highest vote value. This project 
report will focus on the realization of a behavior based control for a mobile robot 
using the voting technique. 
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ABSTRAK 
 
 
 
 
Kawalan berasaskan kelakuan-menggunakan satu modul yang berinteraksi 
modul. Modul yang dipanggil sebagai kelakuan ini secara kolektif mencapai tingkah 
laku tahap sistem yang dikehendaki. Salah satu isu yang biasa dalam sistem kawalan 
berasaskan tingkah laku ialah perumusan mekanisme yang efektif untuk 
penyelarasan aktiviti-aktiviti tingkah laku dalam usaha memastikan bahawa tindakan 
robot mudah alih dalam keaadaan yang betul selaras dengan persekitaranya. Ini 
adalah apa yang dikenali sebagai pemilihan tindakan Masalah Pemilihan Tindakan 
(ASP). Mekanisme Pemilihan Tindakan (ASM) pada asasnya satu mekanisme 
dengan tujuan utama menyelesaikan kebimbangan yang dibangkitkan dalam ASP. 
Secara asasnya terdapat 2 jenis ASM iaitu Timbangtara dan Gabungan Perintah. 
Perbezaan antara Timbangtara dan Gabungan Perintah adalah Timbang tara 
sewenang-wenang membenarkan satu atau satu set tingkah laku untuk mengawal 
pada satu-satu time. Gabungan Perintah membolehkan pelbagai tingkah laku untuk 
menyumbang kepada kawalan akhir daripada robot mudah alih.Teknik pengundian 
adalah satu strategi yang digunakan untuk menyelia set kelakuan untuk robot mudah 
alih. Setiap kelakuan yang dibangunkan didalam sesuatu sistem robot akan 
berpeluang untuk menjana undian bagi setiap tindakan robot.  Pemilihan  tindakan 
yang akan diambil oleh robot mudah alih bergantung kepada nilai undian yang 
tertinggi. Hanya tindakan yang mendapat undian tertiingi akan dilaksanakan oleh 
robot mudah alih. Laporan kerja ini memberikan tumpuan kepada perlaksaan 
algoritma teknik undian bagi satu robot mudah alih. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
1.1 Introduction  
 
A mobile robot is an automatic system mounted on a mobile platform and has 
the capability to move around its environment and perform a specific task. There are 
several robot control classes which can be employed in programming a mobile robot 
namely Deliberative, Hybrid, Reactive and Behavior Based robotics.  
 
Behavior-based robotics was developed for situated robots, allowing them to 
adapt to the dynamics of real-world environments without operating upon abstract 
representations of reality and at the same time allowing more computational 
capability. Behavior-based control employs a set of distributed, interacting modules, 
called behaviors that collectively achieve the desired system-level behavior.  
 
Each behavior receives inputs from sensors and/or other behaviors in the 
system, and provides outputs to the robot’s actuators or to other behaviors. Thus, a 
behavior-based controller is a structured network of interacting behaviors, with no 
centralized world representation or focus of control. Instead, individual behaviors 
and networks of behaviors maintain any state information and models and its 
environment. 
 
Each behavior can take inputs from the robot’s sensors and/or from other 
modules in the system, and send outputs to the robot’s actuators and/or to other 
modules. Many different behaviors may independently receive input from the same 
sensors and output action commands to the same actuators. Behaviors are encoded to 
be relatively simple, and are added to the system incrementally.  
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Behaviors (or subsets thereof) are executed concurrently, not sequentially, in 
order to exploit parallelism and speed of computation, as well as the interaction 
dynamics among behaviors and between behaviors and the environment. 
 
There are basically 2 classes for the coordination of behaviors which are 
cooperative and competitive. Each class has different strategies for realization.For 
cooperative methods, outputs of each behavior response are combined instead of 
winner takes all technique.  
 
 In competitive method where several behaviors are active, the coordination 
function can be seen as winner takes all and only 1 single response will be selected. 
The selection of the winning behavior is done by means of arbitration. 
 
 
Voting technique is one of the strategies under the competitive methods used 
for behavior coordination in mobile robotics. Each behavior developed for a 
particular mobile robot shall generate a vote for a set of possible robot actions. A 
typical vote value of zero would normally mean the least desired action and a vote 
value of one shall mean that the particular action is most desired. The behaviors send 
votes as a possibility for each action set to achieve the objectives of the behaviors. 
An arbiter then performs command fusion and selects the most favored action that is 
with the highest vote value.  
 
 
This project report will focus on the realization of a behavior based control 
for a mobile robot using the voting technique.  
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1.2 Problem Statement  
 
In behavior based mobile robots, one issue that needs to be asked is on the 
coordination of behaviors. What ensues when two or more behaviors are triggered 
simultaneously with each demanding the mobile robot to take different actions. In 
resolving conflicts among active behaviors there are many possible ways of resolving 
conflicts. One alternative that can be employed is by having each behavior to 
generate votes for each of the possible actions for the mobile robot to execute. As per 
project scope, the mobile robot discussed in this project report shall be a mobile 
robot with a task of performing vacum action. There are several assumptions that 
have to be taken into account in constructing and completing the mobile robot vacum 
cleaner.    
a) Assumptions about the Environment 
It is assume that the environment is a closed-off, interior room with a 
relatively smooth, level surface and with minimum number of furnitures. 
b) Assumptions On the mobile robot hardware  
The mobile robot built in this project is minimal and may not have all the 
features as compared to commercial vacum cleaning robot in the market.  
c) Assumptions Functional Requirements 
The mobile robot vacum cleaner does not vacum materials such as glass 
water or moist. The vacum unit shall only remove dry materials such as dust, 
fibre, cigarette smoke from a surface to be cleaned by airflow.  
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1.3 Project Objectives 
 
 
There are three project objectives which are to be achieved from this project 
as briefly explained below:  
 
a) To build minimal hardware and system configuration for the behaviors of the 
mobile robot.  
 
b) To program the mobile robot controller based on the voting technique 
algorithm and verify its execution. The Romeo V2 Controller was used to act 
as the “brain” for the mobile robot. The Romeo V2 controller is programmed 
by using the Arduino IDE Version 1.0.5 and can be program similar to 
Arduino Leonardo using the C language. Verification of the program is 
completed by conducting a series of experiments for each of the behaviors. 
This is further detailed in Chapter 5 - Future Works of this project report.  
 
c) To analyze the overall performance of the mobile robot and suggest for 
improvements from the results obtained. Series of experiments were analyzed 
by statistical means involving average values and non-parametric methods.  
Suggestions for improvements were made based on the results achieved and 
are captured in this project report.  
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1.4 Project Scope 
The scope of work for this project shall involve the following: 
a) Design of robot behaviors with respect to an application of a mobile 
robot. The application chosen for this project is a mobile robot vacum 
cleaner. As mentioned in the project objective, there are 3 behaviors 
developed for the project namely obstacle avoidance, cliff avoidance and 
vacum behavior. Identification of the required sensors and actuators are 
determined at this stage.  For vacum behavior, modelling and calculations of 
vacum capacity etc. is not included.  
 
b) Perform robot programming on the mobile robot vacum cleaner that will 
simulate the obstacle avoidance, cliff avoidance and vacum behavior. The 
programming of the mobile robot vacum cleaner shall employ the voting 
algorithm.  
 
c) Verify the programming for the obstacle avoidance, cliff avoidance and 
vacum behavior on the mobile robot vacum cleaner by means of non-
parametric experiments. Results obtained from these experiments shall be 
analysed to verify the execution of the program. 
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1.5 Project Report Organization 
 
This project report starts with chapter 1 on the introduction to the project. A 
brief description on the problem statements, project objectives and project scope is 
explained.  
Chapter 2 deals with the literature review which basically summarize the 
arguments of the robot researchers on the subject of behavior based control and 
particularly the voting algorithm.  
Chapter 3 describes the project methodologies taken in completing the project 
and also provides details on the hardware and software aspects of the mobile robot 
vacum cleaner as per project scope.  
Chapter 4 will further discuss on the results and discussions obtained from 
the robotic experiments mentioned in chapter 3.  
Chapter 5 will discuss on possible future works with regards to the mobile 
robot vacum cleaner.  
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